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ABSTRACT 
 
 
 
 
The speed control of DC motors is very crucial in applications where the 
importance of precision and protection. Purpose of a motor speed controller is to take 
a signal representing the required speed and to drive a motor at that speed. Micro 
controller can provide easy control of DC motor. This project is about speed control 
system of DC motor by using micro controller and it is a closed-loop control system. 
Pulse Width Modulation (PWM) technique is used where its signal is generated in 
microcontroller which is the signal will send to motor driver to vary the voltage 
supply to control motor speed. 
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ABSTRAK 
 
 
 
 
 Kawalan kelajuan motor DC adalah sangat penting dalam aplikasi di mana 
kepentingan ketepatan dan perlindungan. Tujuan pengawal kelajuan motor adalah 
untuk mengambil isyarat yang mewakili kelajuan yang diperlukan dan untuk 
memacu motor pada kelajuan itu. Mikro pengawal boleh menyediakan kawalan 
mudah motor DC. Projek ini adalah mengenai sistem kawalan kelajuan motor DC 
dengan menggunakan pengawal mikro dan ia adalah satu sistem kawalan gelung 
tertutup. Pulse Width Modulation (PWM) teknik digunakan di mana isyarat yang 
dijana dalam mikropengawal yang merupakan isyarat akan menghantar pemacu 
motor untuk mengubah voltan bekalan untuk mengawal kelajuan motor. 
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 CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 BACKGROUND 
 
 
A direct current (DC) motor is an electromechanical device that converts DC 
electrical energy into mechanical energy.  When direct current is applied to the 
motor, it produces a mechanical rotary action of the motor’s shaft which connected 
to a machine or other mechanical device to perform some sort of work. In other 
words, the DC motor converts electric power into mechanical works. 
 
 
 Direct current motors have variable characteristics and are used in variable-
speed drives.  DC motor is possible to obtain speed control over wide range and it is 
also can provide a high starting torque.  DC motors are used for many applications in 
industry. Some of the application where the load on the DC motor varies over a 
speed range and may demand high speed control accuracy and good dynamic 
responses.  It is very important to make a controller to control the speed of DC motor 
in desired speed 
 
 
.  Nowadays in this modern technology the control of DC motor is a common 
practice so that it makes the implementation of DC motor of controller speed is 
important.  DC motor is widely used in speed control system in many applications 
which needs high control requirement such as rolling mill, fuel pump control 
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and double-hulled tanker.  Thus, it is very important to control the speed to achieve 
good production and also it is more precise and reliable.  
 
 
 
 
1.2 OBJECTIVE 
The objectives of this project are: 
i. To control the adjustable closed-loop of DC motor speed by using 
micro controller. 
ii. To vary the speed of DC motor by using Pulse Width Modulation 
technique. 
 
 
 
 
1.3 SCOPE OF PROJECT 
The scopes of this project are: 
i. Design an adjustable speed control system of DC motor by using 
micro controller. 
ii. Build hardware for the system. 
iii. Programming of micro controller for the system. 
 
 
 
 
1.4 PROBLEM STATEMENT 
 DC motor plays an important role in modern industrial. There are some types 
of applications need the load on the DC motor varies a speed range. These 
applications may demand high-speed control accuracy and good dynamic response. 
Besides, manual controller is also not practical in modern era which can waste time 
and cost. Regarding to this situation it is important to make a controller to control the 
speed of DC motor which user can monitor their system at certain place rather than 
going to the plant. Furthermore this system is more precise and reliable. 
 
 CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
 This chapter includes the study of DC motor, closed-loop system and Pulse 
Width Modulation (PWM). Besides, it also a brief discuss about microcontroller. 
 
 
 
 
2.2 DC motor 
 Direct current (DC) motor is widely used in many industrial applications. The 
torque/speed characteristics of DC motor is compatible with most mechanical loads. 
DC motor speed control methods are simpler and less expensive than other types of 
motors and speed control over a large range rated is easy to achieve [1]
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 There are many types of DC motor. Table 2.1 listed the information of DC 
motor with their advantages and disadvantages [2]. 
 
 
Table 2.1: Advantages and disadvantages of various types of DC motor. 
Type Advantages Disadvantages 
Stepper Motor Very precise speed and 
position control. High 
torque at low speed. 
Expensive and hard to find. 
Require a switching 
control circuit. 
DC Motor w/field coil Wide range of speeds and 
torque. More powerful 
than permanent magnet 
motors. 
Require more current than 
permanent magnet motors, 
since field coil must be 
energized. Generally 
heavier than permanent 
motors. More difficult to 
obtain. 
DC permanent magnet 
motor 
Small, compact and easy 
to find. Very inexpensive. 
Generally small. Cannot 
vary magnetic field 
strength. 
Gasoline (small two 
stroke) 
Very high power or 
weight ratio. Provide 
extremely high torque. No 
batteries required. 
Expensive, loud, difficult 
to mount, very high 
vibration. 
 
 
 
 
2.3 Closed-loop control system 
 
 
 Closed-loop control system is the system that self-regulating and eliminate 
many of the disadvantages, such as sensitivity to disturbances and disable to correct 
these disturbances that occur in open-loop control system [3]. In the other words, this 
control system is one in which an input forcing function. Measurement response of a 
physical system is compared with a desired response. The difference or error 
between this two responses initiates actions that will result in the actual response to 
achieve the desired response. The difference signal usually is processed by another 
physical system such as compensator, a controller or a filter for real-time control 
system applications [4]. A closed-loop block diagram is shown in Figure 2.1. 
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Figure 2.1: Closed-loop control system [4]. 
 
 
 Based on the Figure 2.1 a feedback component is applied together with the 
input R. The difference between the input and feedback signal is applied to the 
controller. Then, the controller acts on the process forcing C to change in the 
direction that will reduce the difference between the input signal and the feedback 
component according to this difference. Thus, it will reduce the input to the process 
and result in a smaller change in C.  This event will be continuing until a time is 
reached when C approximately equal to R [3]. 
 
 
 
 
2.4 Speed Measurement by Using Tachometer 
 
 
 Tachometer is an instrument that measure speed motor based on concept of 
back EMF induced in motor when it is running.  The EMF is voltages appear on the 
commutator segments caused by rotated in the magnetic field by some external force. 
 
 
 The magnitude of the EMF is given by [5], 
EMF =KEφ N                  (2.1) 
Where KE = a constant based on motor construction 
φ = magnetic flux 
N = speed of motor (in rpm) 
Controller Process 
Feedback 
R(s) 
C(s) 
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The actual relationship between motor speed and EMF follows and is derived 
from Equation 2.1,  
  
   
   
                         (2.2) 
Thus, the relationship between motor speed and EMF is the motor speed is 
directly proportional to the EMF voltage and inversely proportional to the field flux. 
When the EMF measured is increase, the speed of the motor is also increases with 
the gain for DC motor.  So, the speed can be measured by using tachometer by 
measuring the back EMF. 
 
 
 
 
2.5 Speed Measurement by Using Optical Encoder 
 
 
 By using an optical encoder is the best way to measure speed.  It shines a 
beam of light from a small space around the transmitter and receiver to detect the 
other end.  If the disc is placed in the space, which has slots cut into it, then the 
signal will be detected only when the slot is between the transmitter and receiver [6]. 
Figure 2.2 is the example of a disc. 
 
Figure 2.2: Sample disc of encoder 
 
 
The encoder transmitter must be supplied with a suitable current and the 
receiver biased. This will have a +5 V output when the light is blocked and about 0.5 
V when the light is allowed to pass through the slot in the disc [7]. The frequency of 
the output waveform is given by, 
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Where fout= frequency of output waveform 
rpm = speed in revolutions per minutes 
N = number of slots at disc 
So, the speed of DC motor in rpm is given by, 
    
       
 
 
 
 
 
 
2.6 Pulse Width Modulation (PWM) 
 
 
 Pulse Width Modulation (PWM) is a powerful technique for controlling 
analog circuits with a processor’s digital outputs.  PWM is employed in a wide 
variety of applications, ranging from measurement and communications to power 
control and conversion.  By varying the average voltage sent to the motor it can 
make speed controller works but is quite inefficient.  A better way is to switch the 
motor’s supply on and off very quickly.  The motor does not notice as if the 
switching is fast enough and it only notices the average effect.  The PWM signals 
can be generated in a number of ways.  Current digital technologies provide several 
clear advantages over the analog ones for the functions of generating the PWM 
switching signals and of processing the protection signals of the DC motor speed 
control [8]. 
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Figure 2.3: PWM signal by varying duty cycle [6]. 
 
 
 Figure 2.3 shows three different PWM signal which is the first signal shows 
10% duty cycle PWM output means that the signal is on for 10% of the period and 
off  for 90%.  Besides, the second signal show PWM output 50% and the third signal 
is show for 90% output signal.PWM is a way of digitally encoding analog signal 
levels.  The duty cycle of a square wave is modulated to encode a specific analog 
signal level.  The on-time is the time during which the DC supply is applied to the 
load and the off-time is the periods during which that supply is switched off.  
 
 
 
 
2.6.1 Advantages and Disadvantages of PWM 
 
 
The advantage of PWM is its duty cycle control technique enables greater 
efficiency of the DC motor. PWM switching control methods can reduce the power 
losses in the system and improve speed control. Besides, it will produce more torque 
in a motor when the pulses reach the full supply. 
 
 
On = High level Off = Low level 10% 
50% 
90% 
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 The disadvantages of PWM circuit are the added complexity and the 
possibility of generating radio frequency interference. It can give speed below the 
full speed and not above. Besides, it cannot be used for fast controlling speed [9]. 
 
 
 
 
2.6.2 Speed Control by Using PWM  
 
 
 
Figure 2.4: Simple motor circuit 
 
 
 A simple circuit that connects a battery as power supply through a switch 
MOSFET (Metal-Oxide-Semiconductor Field Effect Transistor) as shown in Figure 
2.4. When the switch is closed, the motor sees 12 Volts, and when it is open it sees 0 
Volts. If the switch is open for the same amount of time as it is closed, the motor will 
see an average of 6 Volts, and will run more slowly accordingly. 
 
 
 A MOSFET (Metal-Oxide-Semiconductor Field Effect Transistor) is a device 
that can turn very large currents on and off under the control of a low signal level 
voltage.  This on-off switching is performed by power MOSFETs.  As the amount of 
time that the voltage is on increases compared with the amount of time that it is off, 
the average speed of the motor increases and vice versa.  
 
 
The average of voltage that supply to DC motor is given by,  
 
Vave = ton/T × Vin 
 
where V
ave 
= average voltage supply to DC motor 
t
on 
= time ON of switches 
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T  = period of PWM 
Ton/T =  duty cycle 
 
 
 
 
Figure 2.5: PWM signal 
 
 
 
 The time that it takes a motor to speed up and slow down under switching 
conditions is depends on the inertia of the rotor (basically how heavy it is), and how 
much friction and load torque there is.  Based on the Figure 2.5 it shows that the 
average speed is around 150 rpm, although it varies quite a bit. If the supply voltage 
is switched fast enough, it won’t have time to change speed much, and the speed will 
be quite steady. This is the principle of switch mode speed control. Thus the speed is 
set by PWM – Pulse Width Modulation. 
 
 
 
Figure 2.6: Relation of supply voltage with motor speed [2] 
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2.7 Microcontroller 
 
 
 Microcontroller must contain at least two major components of random 
access memory (RAM), and a set of instructions. RAM is a kind of internal logic unit 
that temporarily stores information.  RAM contents are disappear when power is off. 
While RAM is used to hold any data type, RAM some specialized, referred to as the 
register. Instruction set is a list of all commands and their corresponding functions. In 
operation, the microcontroller will go through the program (firmware). Each set of 
valid commands and internal matching tools that differentiate one from another 
microcontroller [10]. 
 
 
A microcontroller is an entire computer on a chip which is it has a processor, 
memory, IO peripherals and more all on a single silicon die. They are used to control 
consumer products and industrial systems. The earliest version had programs 
permanently written into memory.  It is impossible to change those devices once it is 
programmed.  Modern versions use flash memory that allows their programs to be 
changed. The newest and most powerful versions for future operating system 
enabling them to do highly complex task.  Microcontroller interacts with the world 
through a number of peripherals. These can be simple switch, analog to digital 
converters, pulse width modulators, communication channels etc. 
 
 
 Microcontrollers contain circuitry to generate the system clock.  The 
generated square wave signal is the heartbeat of the microcontroller and all 
operations are synchronized to it.  It controls the speed at which the microcontroller 
functions.  All that needed to complete the clock circuit would be the crystal or RC 
components.  Therefore, the operating speed critical can be precisely select to many 
applications. 
 
 
To summarize, a microcontroller contains (in one chip) two or more of the 
following elements in order of importance [11]. 
 
 
12 
 
i. Instruction set  
 
ii. RAM  
 
iii. ROM, PROM or EPROM  
 
iv. I/O ports  
 
v. Clock generator  
 
vi. Reset function  
 
vii. Watchdog timer  
 
viii. Serial port  
 
ix. Interrupts  
 
x. Timers  
 
xi. Analog-to-digital converters  
 
xii. Digital-to-analog converters  
 
 
 
 
2.7.1 Speed Control DC Motor Using Microcontroller 
 
 
 The electric drive system used in industrial applications is increasingly 
required to meet higher performance and reliability requirements.  The DC motor is 
an attractive place of equipment in many industrial applications requiring variable 
speed and load characteristics due to its ease of controllability.  Microcontrollers 
provide a suitable means of meeting these needs [12]. 
 
 
 A simple form of speed control is achieved through a variable potentiometer 
for a manually controlled system.  The operator compares the actual speed to a 
desired speed and sets the potentiometer accordingly.  A simple form of speed 
control is achieved through a variable potentiometer for manually controlled system.  
By comparing the speed in revolution per seconds (rps) updated on the screen each 
second to a desired speed. The current speed is corrected by rotating the 
potentiometer clockwise to increase or counterclockwise to reduce the speed [12]. 
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2.7.2 Advantages Using PIC 
 
 
The advantages of using PIC over other controlling devices for controlling 
the DC motor are [12]: 
 
 
i. Speed – The execution of an instruction in PIC is very fast (in micro seconds) 
and can be changing the oscillator frequency. One instruction generally takes 
0.2 microseconds. 
ii. EPROM Program Memory – Program can be modified and rewritten very 
easily. 
iii. Inbuilt Hardware Support – Since PIC IC has inbuilt programmable timers, 
ports and interrupts, no extra hardware is needed. 
iv. Powerful Output Pin Control – Output pins can be driven to high state using a 
single instruction. The output pin can drive a load up to 25mA. 
v. In built I/O Ports Expansions – This reduces the extra IC’s which are needed 
for port expansion and port can be expanded very easily. 
